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The late Mississippian lithostratigraphic succession in the southern Ozark region, 
northern Arkansas, include, in ascending order, the Meramecan Moorefield Shale, Batesville 
Sandstone (with Hindsville Member); Chesterian Fayetteville Shale and Pitkin Limestone (with 
Imo Member). This interval is now interpreted as a single transgressive-regressive, 
unconformity-bounded, eustatic, third order cycle (Stevens and Manger, 2018). The Moorefield 
lowstand wedge is bound by a basal unconformity and succeeded by the transgressive Batesville 
Sandstone with its Hindsville Member. This succession reflects accretionary deposition along 
strike of the rising strand line, likely as a barrier island system, as its equivalents are shale 
(basinward) and limestone (laterally along strike) (Stevens and Manger, 2018). A Maximum 
Flooding Interval is represented by the lower Fayetteville Shale. The upper Fayetteville Shale 
represents highstand, transitioning to regression represented by the Pitkin Limestone and its Imo 
Member, succeeded unconformably by Pennsylvanian (Morrowan) siliclastics of the Hale 
Formation (Stevens and Manger, 2018).  
The carbonaceous black fissile shales of both the Fayetteville Shale and Pitkin 
Limestone, Imo Member, were originally thought to have been deposited in deep water basinal 
environments. However, recent study of ammonoid taphonomy and sequence stratigraphy 
indicate that the Imo is a regressional interval, and, was deposited in a much shallower 
environment than previously surmised (Stevens and Manger, 2018). Supporting evidence 
includes tempestite deposits of the Imo Member, Pitkin Limestone (Stevens and Manger, 2018), 
enrolled Paladin imoensis trilobite (Brezinski, 2008), and the taphonomy of fossil ammonoids, 
particularly Emstites fayettevillea (Gordon, 1965, 1964 imprint) and Anthracoceras discus 
(Frech, 1899) within the Fayetteville Shale and Imo Member of the Pitkin Limestone, 
 
 
respectively. The tempestite deposits contain deep shelf organisms, particularly trilobites, that 
are preserved enrolled in conglomerate lenses within the interval, suggesting a position above 
effective wave base allowing storms to scour the sea floor. This relationship is not seen in the 
lower Fayetteville shale. Furthermore, the Imo Member certainly lay above carbonate 
compensation depths as, indicated by calcite after aragonite pseudomorphs found within 
Anthracoceras discus chambers (Stevens and Manger, 2018). Fayetteville Shale ammonoids 
Emstites fayettevillea (Gordon, 1965) have only calcite and minor dolomite filling notably 
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Can ammonoid taphonomy bring higher resolution to the sequence stratigraphy and 
depositional environment at the end of the Mississippian (Chesterian) Series in northern 
Arkansas?  
Geologic research of the late Mississippian (Chesterian) intervals, specifically taphonomy 
of ammonoids contained therein, will increase knowledge of northern Arkansas’ dynamic 
geologic history. The goal of this thesis is to gain greater understanding to the depositional 
environment and any diagenetic fluctuations that the Mississippian (Chesterian) Series 
experienced, preserved through outcrop observation and ammonoid taphonomy. Ammonoid 
taphonomy and outcrop study can give higher resolution to The Mississippian Series that is a 
major chronostratigraphic boundary ending the Mississippian System. The Mississippian 
(Chesterian) Series also contains Arkansas’ largest economic resources, the unconventional 
Fayetteville Shale play, and any additional knowledge of the formation is valuable.  
Fayetteville Shale ammonoid Emstites fayettevillea and Pitkin Limestone, Imo Member 
ammonoid Anthracoceras discus samples have been provided by the University of Arkansas 
Geology Museum as well as those collected at outcrop localities. These ammonoid samples were 
observed in macroscopic conditions as well as be cut to thin section dimensions and analyzed 
under cross polarized microscopy. The ammonoid samples were also stained to distinguish 
ferroan and non-ferroan calcite and dolomite. The objective is to interpret depositional 
environment and those diagenetic changes to which the ammonoids were subjected. 
The Fayetteville Shale and Pitkin Limestone, Imo Member are intervals of a third order 
regressive eustatic cycle and are critical to mark the end of the Chesterian Series, Mississippian 
System. The Fayetteville Shale represents an interval of maximum flooding, followed by a 
2 
 
regressional deposit of the Pitkin Limestone, which is punctuated with one last transgressional 
deposit of the Imo Member before the third order cycle is completed. The end of the cycle is 
marked by a regional unconformity that begins the Morrowan Series, Pennsylvanian System 
represented by the Hale Formation and its members, Cane Hill and succeeding Prairie Grove.  
New notable research has established the Imo Member as part of the Chesterian Series 
based on biostratigraphy and lithostratigraphy. Early analysis of ammonoids contained within the 
Fayetteville Shale and Imo Member has revealed carbonate mineralization, and taphonomy 
processes, which aid in distinguishing the Fayetteville Shale and Imo Member as part of the 
same third order eustatic cycle. The catalyst for the creation of this project and hypothesis, was 
conceived around a “geologic miracle” (Manger, 2017). The “geologic miracle” concerned a 
core of lower Fayetteville Shale taken by Southwestern Energy Company, from well Green Bay 
Packaging 10-8 No. 4 16H PH, White Co., Arkansas, at approximately 3002 feet Measured 
Depth. Appendix D, Figure 14 (Manger, 2017) shows an ammonoid encased within this core. 
The ammonoid was encased in the core by complete happenstance, as there was absolutely no 
way for the coring technicians to target it, or for the coring technicians to even know they had 
captured it, nor for the third party CoreLab to be aware of its existence, when they produced a 
2/3-1/3 slab of the core (Manger, 2017). Furthermore, the fact that the ammonoid was cut exactly 
parallel to the axis of coiling without any knowledge of its existence in the core is highly 
unlikely, hence “the miracle” (Manger, 2017). Preliminary observations of the ammonoid 
(identified as Emstites fayettevillea (Gordon, 1965)) by Dr. Manger, who was a consultant for 
Southwestern Energy at the time, were previously not researched (Manger, 2017). The “geologic 
miracle” ammonoid inspired a project to investigate the unique taphonomy of the Emstites 
fayettevillea. Later research by Manger and Brezinski (2008) on trilobites in the Imo Shale 
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Member of the Pitkin Limestone, revealed that the ammonoid Anthracoceras discus (Frech, 
1899) preservation may have been produced as “tempestite” deposits (Manger, 2017). A single 
Anthracoceras discus was cut into thin section and found to have undergone carbonate 
replacement of calcite after aragonite pseudomorphs (Stevens and Manger, 2018). The relict 
aragonitic needle structure was still preserved, but ferroan and non-ferroan chemical staining 
revealed pseudomorphs of calcite after aragonite (Figure 15, Appendix D) (Manger, 2017). The 
unique characteristics of each of the ammonoid taphonomic processes and the tempestite 
deposits created the hypothesis regarding their manifestation and their relation to depositional 
dynamics at the end of the Mississippian (Chesterian) Series in northern Arkansas, and so the 
project was born. It should be noted for full disclosure that the project was originally given to a 
former student (Dickson and Manger, 2017), but that student did not finish the project, nor 
contribute to the thesis project at hand. 
Preliminary observations of Emstites fayettevillea from the Fayetteville Shale exhibit 
crystalline to sparry calcite carbonate replacement, while initial ferroan and non-ferroan staining 
of Imo Member Anthracoceras discus highlighting pseudomorphs of calcite after aragonite. 
Additionally, sedimentary tempestite deposits present in the Imo Member infer a much shallower 
depth of final deposition than that of the Fayetteville Shale, which lacks tempestite deposits 
(Manger, 2017). Understanding the subtle lithologic and biostratigraphic differences between the 
two stratigraphic units refines the knowledge of the entire basin and could be used for lateral 
equivalent comparisons far westward into the Anadarko Basin Scoop and Stack plays. Carbonate 
compensation differences with respect to regression might be expected, but have not been 





North America Tectonic Setting 
 North America during the late Mississippian (Chesterian) was a sizable craton mostly 
covered by a broad, shallow empiric sea (Blakey, 2013). Much of North America lay between 
the latitudes of the Tropics, near the equator (Blakey, 2013). North America had been 
tectonically influenced by several episodes beginning in the Cambrian and extending to the 
Mississippian Systems and its position on the globe. The most influential Paleozoic tectonic 
events experienced by North America are the formation of the cratonic core Canadian Shield, the 
Southern Oklahoma Aulacogen, the formation of the Appalachians, and the Ouachita Orogeny 
(McGilvery et al., 2016). 
 Pre-Cambrian (Proterozoic) to middle Cambrian North America experienced the 
Grenville Orogeny, which amalgamated the Canadian Shield, Scandinavia, North America, and 
ancient Australia into the supercontinent Rodinia (Nance et al., 2014). The Grenville Orogeny 
also created the incipient Ozark Dome and North Arkansas Structural Platform (NASP) (Chinn 
and Konig, 1973) (Keller, 2017). Early Paleozoic North America was also influenced by the 
Southern Oklahoma Aulacogen. The Southern Oklahoma Aulacogen is the failed arm of a triple 
junction that affected North American basement rock and paleogeographic assembly in the 
vicinity of east Texas (Keller, 2017). This failed arm of the rift complex produced significant 
gabbro and basalt that became the basement for the southeastern North American Craton (Keller, 
2017). The Southern Oklahoma Aulacogen is shown in Appendix D Figure 11 (Liner and 
McGilvery, 2019). Later, the incipient Appalachians were formed by the ancient Taconic and 
Acadian orogenies, culminating with the greater Allegheny Orogeny. The Appalachians become 
the siliclastic sediment source (from north/north-easterly to west/north-westerly) for the NASP 
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and Arkoma Basin (McGilvery et al., 2016), while the Ozark Dome was the carbonate factory to 
the general north/north-west (Manger, 2017). In later association with these events, the Ouachita 
Orogeny occurred during the Pennsylvanian (Desmoinesian Series) System (Appendix D Figure 
16, McGilvery et al., 2016 adapted from Houseknecht and Kacena, 1983). The effects of North 
America tectonics through the late Mississippian produced little tectonic imprint, in comparison 
to eustatic sea level and sediment supply (Manger, 2017 and McGilvery et al., 2016). Each of 
these major orogenic events occurred over a period of several hundred million years; the tectonic 
events and orogenies described are not punctuated events, but rather geologic forces that 
gradually impacted the formation of the North American Craton.  
North America Geologic Setting 
 The geologic setting of North America during the late Mississippian (Chesterian) was 
highly influenced by eustatic sea level and sediment supply, with a minor imprint of tectonic 
forces. During the late Mississippian (Chesterian) much of North America was covered by a 
broad, shallow sea (Blakey, 2013). This shallow sea was eustatically controlled by massive 
icecaps on the southern pole, supplied with sediment from the Appalachians and Burlington 
Shelf, and felt a periodic imprint from the Ouachita Orogeny (McGilvery et al., 2016). Sediment 
type of North America during the Mississippian Era was predominately carbonate, with periodic 
appearances of siliclastics (Liner et al., 2013).  
 What remains of the Pre-Cambrian North America geologic record are basement igneous 
and metamorphic rocks (Corelab, 2016). Cambrian lithologies are preserved in a mixed system 
of siliclastics, red beds, and carbonates including dolomites, as well as metamorphism from 
multiple orogenic events, such as the Grenville Orogeny and Allegheny Orogeny (Corelab, 
2016). The Ordovician, Devonian, and Silurian were dominated by calcareous dolostones with 
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minor siliclastics (Corelab, 2016 and Liner et al., 2013). The Mississippian Period is known by 
geologists for its dominant carbonate sediment supply (Liner et al., 2013) while the 
Pennsylvanian Period signifies the influx of siliclastics over much of the North American Craton, 
(Corelab, 2016). Oceanic water has globally fluctuated between aragonite and calcite seas 
(Figure 17, Appendix D Sandberg, 1983) throughout the Phanerozoic, producing the carbonate 
lithology suite record. The general trend of North America throughout time, is the exposure of 
the craton, due to amalgamation of continent masses and global eustacy (Manger, 2017). 
Northern Arkansas Tectonic Setting 
Northern Arkansas has historically been located in the southeastern area of what is now 
the North American Craton. The Southern Ozarks encompass much of Northern Arkansas and 
are highly influenced by the North Arkansas Structural Platform (NASP) (Chinn & Konig, 
1973). The NASP forms the southern flank of the Ozark Dome that has a uniform, shallow dip 
~1°, approximately 19’ (Appendix D, Figure 4) (Chinn & Konig, 1973). The NASP consists of 
three smaller regional components. The Salem Plateau is the most northern, oldest, and lowest 
topographical elevation (Manger, 2017). The overlying Salem Plateau is composed of 
dolostones, limestones, and sandstones of mostly Ordovician age (McFarland, 2004). The 
Springfield Plateau overlays the Salem Plateau with several hundred feet of lithostratigraphic 
intervals of Mississippian age, mainly carbonates with minor siliclastics (McFarland, 2004). The 
Boston Mountains is the youngest and highest elevated plateau, and also the most southern 
extension of the Southern Ozarks (McFarland, 2004). The Boston Mountains are composed of 
late Mississippian through Middle Pennsylvanian sedimentary units, with minor syn- and major 
post-depositional normal faults (generally downthrown to the south) (Manger, 2017). The major 
tectonic influences on Northern Arkansas have been the Ozark Dome uplift to the north, the 
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Appalachian Mountains to the east, the Ouachita Orogeny to the south, and the Southern 
Oklahoma Aulacogen to the west. Together, these forces created the North Arkansas Structural 
Platform (NASP), and the incipient Arkoma Basin, providing a record of sediment deposition 
regionally during the Ordovician through middle Pennsylvanian.  
The Ozark Dome is the dominant tectonic feature of the mid-continent, as a broad 
asymmetrical uplift of the craton (Manger, 2017). The granitic-rhyolitic core of the Ozark Dome 
is exposed in the St. Francois Mountains of southern Missouri (Manger, 2017), surrounded by 
cratonic sedimentary sequences extending across the southern flank of the Ozark Dome (Chinn 
& Konig, 1973). Northwestern Arkansas Paleozoic strata between the Arkansas-Missouri border 
and the general area of Gaylor Mountain, Arkansas, are flat lying, nearly undeformed and 
essentially horizontal (Chinn & Konig, 1973). South of Gaylor Mountain, an increase in dip 
reflects the northern flank of the Arkoma basin (Chinn & Konig, 1973). Between the southern 
edge of the Ozark dome, and the northern edge of the Arkoma basin, nearly flat-lying strata 
comprise what has been designated the Northern Arkansas Structural Platform (NASP) (Chinn & 
Konig, 1973). They collected ground magnetic data and used drill hole analyses to conclude that 
the NASP is up to 40 mi wide, and trends generally east across northwestern Arkansas (Chinn & 
Konig, 1973) (Appendix D, Figure 3). Magnetic surveys covering portions of the Ozark Dome, 
NASP, and Arkoma Basin show all three to be related to the surface of the Precambrian 
basement complex (Chinn & Konig, 1973). Relative intensities in the Precambrian basement 
rock magnetic field are higher for the Ozark Dome, moderate and uniform for the NSAP, and 
lower for the Arkoma Basin (Chinn & Konig, 1973). The general configuration of these 
structural features with respect to the Precambrian basement complex is shown in Figure 4, 
Appendix D (Chinn & Konig, 1973). Structural deformation is low to moderate in northwestern 
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Arkansas, but becomes highly deformed toward the south in the Arkoma basin and the Ouachita 
Mountain fold belt (Chinn & Konig, 1973).  
The Ouachita Accretionary Prism is the southern tectonic influence on Paleozoic Arkansas. 
Extensive normal faults transect much of the Boston Mountains, the southern flank of the NASP 
(Chinn & Konig, 1973), influenced by the encroaching Ouachita Accretionary Prism. These 
faults trend northeast-southwest and are downthrown on the southeast side (Manger, 2017). 
Evidence that these faults reflect tectonic influence, and are not syn-depositional, comes from 
well bores and seismic data in the Arkoma Basin and extensive outcrop study (Denham, 2018) 
that are clearly transmitted from the surface Pennsylvanian strata all the way to the Precambrian 
basement; not listric growth faults (Manger, 2017). The Ouachita Accretionary Prism did not 
become a major tectonic influence in northern Arkansas until the late Mississippian early 
Pennsylvanian (McGilvery et al., 2016). 
The tectonic influences flanking north Arkansas are the Southern Oklahoma Aulacogen to 
the east and Appalachians to the far west. The Southern Oklahoma Aulacogen is the eastern 
tectonic influence on northern Arkansas. A failed arm of a triple junction rift in the vicinity of 
east Texas/west Louisiana formed a regionally subsiding basin (McGilvery et al., 2016). The 
Allegheny Orogeny that formed the Appalachians was firmly established during the late 
Mississippian, supplying sediment and fluvial gradient to the east/southeast (McGilvery et al., 
2016). The New Madrid Fault Zone in eastern Arkansas was another subsidence basin formed 
from a failed arm of a triple junction leading to the pathway of the Mississippi Embayment 





Northern Arkansas Geologic Setting 
Northern Arkansas in general historically has been covered by tropical ocean on the 
southeastern flank of the North American Craton (Blakey, 2013) until permanently uplifted 
above sea level in the late Pennsylvanian (McGilvery et al., 2016). Northern Arkansas’ oldest 
interval was deposited during the Ordovician, on top of Cambrian basement exposed (Appendix 
D, Figure 5 & 5.1) (McFarland, 2004). A series of dolomitic carbonates mixed with minor 
siliclastics, reflect transition to limestone lithology and interbedded siliclastic formations from 
the Ordovician to the Mississippian (McFarland, 2004). The stratigraphic succession of Northern 
Arkansas comprises four, unconformity-bounded, transgressive-regressive cycles: upper 
Mississippian (Chesterian), Pennsylvanian lower Morrowan, upper Morrowan, and Atokan 
(Manger, 2017). As these strata reflect Mississippian and Pennsylvanian deposition, the Ouachita 
Accretionary Prism was moving northward creating the Arkoma Basin (McFarland, 2004), 
which lead to a fluctuation of accommodation space on the NASP. Siliclastic sandstones and 
shales dominate the lithology in the Arkoma Basin, the last of the carbonates appearing in the 
lower Pennsylvanian (Manger, 2017). Nearly 8km of sediment was deposited during the 
Pennsylvanian Atokan and Desmoinesian Series (Manger, 2017). This is noteworthy because the 
Atoka and Desmoinesian combined are only seven per-cent of the geologic time, produced from 
the beginning of the Cambrian to the end of the Desmoinesian (Pennsylvanian) deposition 
(Manger, 2017). 
Carbonates dominate the Mississippian System. The Mississippian System also is 
bounded and transected by unconformities, easily subdividing the interval into the Lower 
Mississippian and Upper Mississippian (Liner et al., 2013). The lower Mississippian 
(Kinderhookian) St. Joe and (Osagean) Boone Formations are mostly represented by carbonate 
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lithologies with minor shale members (McFarland, 2004). A large regional unconformity 
separates the lower Mississippian (Kinderhookian and Osagean Series) from the upper 
Mississippian (Meramecan and Chesterian Series), which lies at the base of the Moorefield 
Shale, a lowstand wedge (Liner et al., 2013 and Warner and Manger, 2019). The upper 
Mississippian (Meramecan and Chesterian Series) are a mix of carbonate mud and fine grained 
siliclastic shales signaling a slight shift in sediment supply and basin depositional dynamics 
(Manger, 2017). The Mississippian Chesterian Series is a mix of fine grained siliclastics 
(Fayetteville Shale and Wedington Sandstone Member) and carbonates (Pitkin Limestone and 
Imo Member, notably a shale) (McFarland, 2004). During the duration of the Mississippian, the 
dominant control on basin fill was eustacy, followed by sediment supply and tectonic subsidence 
(Manger, 2017). That relationship is supported by the rare combined characteristics of the 
Mississippian experienceing two regional unconformities, little observed syn-depositional 
faulting, and a consistent sediment supply source “Carbonate Factory” from the Ozark Dome to 
the north (Manger, 2017).  
The lithostratigraphy of interest is the late Mississippian (Chesterian) Series; including 
the type locality of the Fayetteville Shale located in the valley of the West Fork of White River, 
Washington County, Arkansas. (McFarland, 2004). Its Wedington Sandstone Member is named 
for the townsite of Weddington, Western Washington County, Arkansas. The type locality for 
the Pitkin Limestone is located at the abandoned Pitkin, Post Office in Washington County, 
Arkansas, while its type Imo Member is exposed along Bear Creek, Searcy County, Arkansas 
(McFarland, 2004). Much of North America was covered by a broad shallow sea during the 
Mississippian (Appendix D, Figures 1 and 2) (Blakey, 2013). The Mississippian (Chesterian) 
Series reflects a transgressive-regressive event driven by eustacy (Manger, 2017). The lower 
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Fayetteville Shale is a Maximum Flooding Interval, Wedington Sandstone member interpreted as 
a constructive delta deposit, while the upper Fayetteville and Pitkin Limestone are Highstand 
intervals, and the Imo Member, at the top of the Pitkin Limestone is a regressive interval 
terminated by an unconformity (Manger, 2017). Deposition of carbonates occurred at the 
southern margin of the North Arkansas Structural Platform (NASP). A significant sediment 
supply route of siliclastics was east to west across the NASP, and the insipient Arkoma Basin, 
most likely the result of Appalachian Mountain erosion (Manger, 2017). The platform deepened 
along strike to the east; the belt extends laterally with units thinning into the subsurface (Chinn & 
Konig, 1973). The NASP lay between the Ozark Dome to the north, and Arkoma Basin to the 
south. The Mississippian (Chesterian) Series was deposited in a shallow sea south of the Ozark 
Dome and are the last stratigraphic units comprising carbonates; the beginning of the 
Pennsylvanian (Morrowan) Series marks the shift in sediment supply dominantly to siliclastic 
material as the Ouachita Accretionary Prism impacted ancestral Arkansas and the Arkoma Basin 
to the south (McGilvery et al., 2016).  
Northern Arkansas Stratigraphic Units 
The stratigraphic units of interest in northern Arkansas for this thesis research span much 
of the Mississippian Era. Specifically, this project deals with the upper Mississippian Chesterian 
series. The Arkansas lithostratigraphic column for the Ozark region is summarized by Appendix 
D Figure 5 & 5.1 (McFarland, 2004). A detailed stratigraphic history of nomenclature and type 
locality was compiled by Morris (2017). The Mississippian age stratigraphic column is 
summarized by Appendix D, Figure 6 (Liner et al., 2013). The stratigraphic column of 
Mississippian and Pennsylvanian Arkansas from Liner et al. (2013) corresponds to a Blakey Map 
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(2013) of his paleogeographic reconstruction (Appendix D, Figure 7). The upper Mississippian 
(Chesterian) Series, from youngest to oldest, comprises the following lithostratigraphic units: 
Batesville Sandstone / Formation 
The type locality for the Batesville Sandstone is the “Bluff at Ramsey’s Ferry, Batesville, 
Independence County, Arkansas” (Williams, 1900), but has no type section. It belongs to the 
Chesterian Series, Mississippian System (Haley et al., 1976, revised 1993). Nomenclature 
assignments throughout its inception have been Batesville Sandstone (Branner, 1891; Simonds, 
1891), Batesville Formation (Easton, 1942), Batesville Sandstone of the Mayes Group (Ogren, 
1968), and Batesville Sandstone Formation (Burdick and Strimple, 1969). The United States 
Geologic Survey (USGS) formal designation is Batesville Sandstone, whereas the Arkansas 
Geologic Society (AGS) formal designation is Batesville Formation. The formation was 
previously named Wyman Sandstone. The Wyman Sandstone name was mistakenly applied to 
the beds of the Batesville Sandstone / Formation by Simonds (1891). Simonds (1891) also 
mistakenly applied the name Batesville Sandstone / Formation to the beds of the Wedington 
Sandstone Member of the Fayetteville Shale (Purdue and Miser, 1916a). The Batesville 
Sandstone / Formation has a basal member, becoming a formation westward across the southern 
Ozarks, designated the Hindsville Limestone Member (Purdue and Miser, 1916a). The Batesville 
Sandstone / Formation is regionally mappable in northern Arkansas, Missouri and Oklahoma 
(McFarland, 2004). The formation was named after the town of Batesville, Independence 
County, Arkansas (McFarland, 2004), originally credited to Branner (1891). 
The Batesville Sandstone is described in detail by John David McFarland, Arkansas 
Geologic Survey (2004) as a “flaggy, fine- to coarse-grained, cream-colored to brown sandstone 
with thin shales.” Within he Batesville Sandstone lies a crystalline, fossiliferous limestone unit, 
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the Hindsville Member (McFarland, 2004). The Batesville Sandstone is regionally mappable in 
the northern Arkansas Ozark Plateaus, southern Missouri and northeastern Oklahoma 
(McFarland, 2004). The Batesville Sandstone ranges in thickness from approximately 200ft at its 
eastern extent (type area), but pinches-out to the west (McFarland, 2004).  
Hindsville Limestone Member of the Batesville Sandstone / Formation 
 The type locality for the Hindsville Limestone Member is near Hindsville, Madison 
County, Arkansas (Purdue & Miser, 1916a). The member is of Mississippian (Chesterian) Series 
age (McFarland, 2004). The Hindsville Limestone Member is regionally distributed in northern 
Arkansas, Missouri and Oklahoma (Keroher et al., 1966), but is not regionally mappable, 
confining its rank to member and not formation. Previous nomenclatorial assignments include 
Hindsville Limestone Member of the Batesville Sandstone (Purdue & Miser, 1916a), Hindsville 
Member of the Batesville Formation (Caplan, 1954), Hindsville Formation of the Mayes Group 
(Ogren, 1968), Hindsville Formation (Guccione & Rieper, 1988). The formal designation by the 
USGS is Hindsville Limestone Member of the Batesville Sandstone / Formation. The formal 
designation by the AGS is also Hindsville Limestone Member of the Batesville Formation.  
 The Hindsville Limestone Member is described in Stratigraphic Summary of Arkansas as 
a crystalline, fossiliferous limestone unit within the Batesville Sandstone (McFarland, 2004). 
Because it is confined to western Arkansas outcrops, the unit is a member, not a regionally 
mappable formation. The Hindsville Member usually is present at the base of the Batesville 
Sandstone, where the contact with the Boone Formation’s upper diagenetic chert is 
unconformable (McFarland, 2004). This unconformity accounts for missing section of the 
Moorefield shale (Manger, 2017). Moving eastward, the Moorefield Shale appears on the Boone, 
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grades into a depositional conformity as it extends into the type region of the Batesville 
Sandstone / Hindsville Limestone Member (Warner and Manger, 2019). 
Fayetteville Shale 
The Fayetteville Shale type region is Fayetteville, Washington County, Arkansas. (Ogren, 
1968) later suggested the West Fork of White River Valley, Washington County, Fayetteville, 
Arkansas (McFarland, 2004), but there is no type section. The Fayetteville Shale is assigned to 
the Chesterian Series, Mississippian (Haley et al., 1976, revised 1993). Nomenclature 
assignments include The Fayetteville Shale (Branner, 1891; Simonds, 1891) and Fayetteville 
Formation (Adams and Ulrich, 1904). The USGS and AGS both formally designate the 
formation as the Fayetteville Shale. The formation has undergone outdated or erroneous 
designations including proposals of the Koger Limestone Lentil (Taylor, 1964), Mayes 
Limestone Member (Easton, 1942), and part of the same unit lower Marshall Shale (Adams and 
Ulrich, 1904). The Fayetteville Shale does include a member, the Wedington Sandstone (Adams 
and Ulrich, 1904; McFarland, 1998, revised 2004). The Fayetteville Shale is regionally mappable 
and distributed throughout northern Arkansas, Missouri and Oklahoma (McFarland, 1998, 
revised 2004). The Fayetteville Shale changes character along strike from east to west (Appendix 
D, Figure 8) (Gordon, 1965) according to depositional regime. The formation is named after the 
town of Fayetteville, Washington County, Arkansas (Simonds, 1891) with original name credited 
to Simonds (Branner, 1891). 
The Fayetteville Shale is described as a carbonaceous black, fissile, clay shale with iron 
concretions (Lower Fayetteville) (McFarland, 2004). In north-central Arkansas, fine-grained 
limestones and calcareous shales are typically interbedded within the formation (Upper 
Fayetteville) (McFarland, 2004). Within the Fayetteville Shale lies the Wedington Sandstone 
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Member. In the lower Fayetteville, sideritic concretions are commonly found, and contain many 
of the Emstites fayettevillea ammonoids collected for this project (McFarland, 2004). Fossils are 
generally abundant throughout the Fayetteville and occur concentrated in local areas, which is 
where the fossil ammonoids for this project were collected (McFarland, 2004). Fossilized marine 
invertebrate fauna from the Fayetteville Shale ranges from pyritic (marcasite) to siliceous, and 
notable calcitic in the septal chamber of the ammonoid Emstites fayettevillea (McFarland, 2004). 
The formation rests conformably on the Batesville Sandstone (and Hindsville Member) 
(McFarland, 2004). The Fayetteville Shale measures from 10 to 400 feet (McFarland, 2004).  
Wedington Sandstone Member of the Fayetteville 
The Wedington Sandstone Member of the Fayetteville Shale has a type locality at 
Wedington Mountain, Washington County, Arkansas (Adams and Ulrich, 1905). There is no 
designated type section or principle reference section. The Wedington Sandstone is 
Mississippian (Chesterian) Series age (Haley et al., 1976, revised 1993). Previous nomenclature 
oral designations have included Wedington Sandstone (Adams and Ulrich, 1904), Wedington 
Sandstone Member of the Fayetteville Formation (Adams & Ulrich, 1905), Wedington 
Sandstone Member of the Fayetteville Shale (Branner, 1927), Wedington Sandstone of the 
Fayetteville Formation (Croneis, 1930a), Weddington Sandstone of the Fayetteville Formation 
(Croneis, 1930b). The Wedington Sandstone is sometimes spelled with an extra “d” as there is an 
inconsistency between the regional township, post office, mountain, and pioneer family the area 
was named after. The Wedington Sandstone is thought to have been named after Wedington 
Mountain, Benton and Washington counties, Arkansas (Adams and Ulrich, 1905). The USGS 
and AGS both formally name the member as Wedington Sandstone Member of the Fayetteville. 
Early in the history of geologic mapping in Arkansas, misnomers appeared, including Simonds 
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(1891), who miscorrelated and mislabeled the beds of the Wedington Sandstone with that of the 
Batesville Sandstone (Adams & Ulrich, 1904), and Simonds (1891), who also misapplied the 
name Marshall Shale to the Fayetteville Shale. The Wedington Sandstone may not be regionally 
mappable, confining it to the rank of “member,” however, it extends throughout northern 
Arkansas and northeast Oklahoma (Keroher et al., 1966). 
The Wedington Sandstone is briefly described by Arkansas state geologists as a member 
of the Fayetteville shale that is composed of gray to brown, fine-grained, sometimes calcareous 
sandstone (McFarland, 2004). Gordon (1965) described the Wedington as a dense, hard, fine-
grained flaggy sandstone, tan to grey-brown in color. Gordon (1965) measured Wedington 
thickness of up to 150 feet on Wedington Mountain (Washington County), where it is massively 
and thickly bedded.  
Pitkin Limestone / Formation 
The type locality of the Pitkin Limestone / Formation is located north of the community 
of Pitkin (now known as Woolsey), at the Pitkin Post Office (now abandoned), Washington 
County, Arkansas (Gordon, 1965). It does not have a type section or principle reference section. 
The Pitkin Limestone is of late Mississippian (Chesterian) age (McFarland, 2004). Previous 
nomenclature assignments have been the Pitkin Limestone (Adams and Ulrich, 1904) and Pitkin 
Formation (Easton, 1942). The USGS has formally assigned the name Pitkin Limestone and the 
AGS has formally assigned the name Pitkin Formation. The Pitkin was originally named 
Archimedes Limestone (Owen, 1858) due to the high numbers of “Archimedes Screw” 
bryozoans. The Pitkin Limestone is regionally distributed across northern Arkansas and eastern 
Oklahoma (McFarland, 1998, revised 2004), and contains the Imo Interval / Shale (Gordon, 
1965) as a member, which is not regionally mappable (Appendix D, Figure 9) (Gordon, 1965).  
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The Pitkin Limestone is described as a fine- to coarse-grained, oolitic, bioclastic 
limestone (McFarland, 2004). Sequences of black shale interbedded with the limestone occur in 
the eastern outcrop area (Imo Shale Member) (McFarland, 2004). Minor chert and sandstone 
stringers are observed at the top of the unit in northwest Arkansas, indicative of the regressive 
nature of the interval ending a third-order eustatic cycle (McFarland, 2004). The Pitkin 
Limestone becomes more shaley to the south, basinward, indicative of a southward basin 
offshore of the North Arkansas Structural Platform (NASP) (McFarland, 2004). Marine 
invertebrate and flora fossils are common and include crinoids, brachiopods, bryozoa, corals, 
bivalves, gastropods, cephalopods, trilobites, conodonts, and shark teeth (McFarland, 2004). The 
bryozoan Archimedes is a chronostratigraphic marker fossil for the Pitkin Limestone, because it 
does not occur in subjacent formations (McFarland, 2004). This Archimedes-brachiopod 
abundance is what gave the Pitkin Limestone the early name of “Archimedes Limestone”. The 
basal contact of the formation is conformable with the Fayetteville Shale (McFarland, 2004). The 
upper contact of the Imo Member of the Pitkin Limestone is likely a regional unconformity with 
the overlying Cane Hill Member of the Hale Formation, but that is not certain. This regional 
unconformity marks the end of the Chesterian, Mississippian period and the beginning of the 
Morrowan, Pennsylvanian Period (Manger, 2017). The Pitkin Limestone ranges in thickness 
from a thin trace to over 400 feet (McFarland, 2004). The Pitkin Limestone varies in thickness in 
its lateral extent; with an average thickness of about 50 feet in the west and about 200 feet in the 
east (McFarland, 2004).  
Imo Interval / Shale 
The Imo Shale’s type locality is located at Sulphur Springs Hollow, SE¼ SE¼ Sec. 3, 
and NW¼ NW¼ Sec. 11, T. 13 N., R. 17 W., Searcy County, Arkansas (Gordon, 1965) which is 
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also its primary reference section, although no type section has been identified. The Imo Shale is 
the last litholostratigraphic unit in the entire Mississippian (Chesterian) age. Due to this fact, the 
Imo Shale has gone through several nomenclature assignments and disputes concerning whether 
it could be mapped and whether it falls within the Mississippian (Chesterian) or Pennsylvanian 
(Morrowan) Systems. The consensus as of the time of this project, the Imo Shale belongs to the 
Mississippian (Chesterian) (Hutto and Johnson, 2015b, 2015c). Because of the debate, erroneous 
or outdated nomenclatorial assignments have included: lower part of the Washington Shale and 
Sandstone of the Osage Group (Branner, 1891; Simonds, 1891), lower part of the Washington 
Shale and Sandstone of the Morrow Formation (Adams and Ulrich, 1904), lower part of the Hale 
Formation of the Morrow Formation (Taff, 1905), lower part of the Hale Formation of the 
Morrow Group (Purdue, 1907b), lower part of the Cane Hill Member of the Hale Formation of 
the Morrow Group (Henbest, 1953), lower part of the Cane Hill Member of the Hale Formation 
(Merewether and Haley, 1961). In more recent publications, the Imo Shale has been assigned the 
name Imo Formation (Gordon, 1965), Imo Shale (Gordon and Stone, 1973), and Imo Shale of 
the Pitkin Formation (Hutto and Smart, 2010). Interestingly, the USGS does not currently 
recognize the Imo Shale as a unit. The Imo Shale is formally recognized by the AGS as part of 
the Pitkin Limestone / Formation and informally given the name Imo interval. The Imo Shale is 
not regionally mappable; therefore it is assigned the rank of “member” although its extent ranges 
throughout northwest and north central Arkansas (Gordon, 1965). The Imo Shale is named after 
the abandoned town of Imo, Searcy County, Arkansas (Gordon, 1965). 
The Imo Member lies comformably within the upper Pitkin Limestone (Upper 
Mississippian, Chesterian) and ranges in thickness from 40-140 feet (Appendix D, Figure 9) 
(Gordon, 1965). The Imo consists of several black carboniferous shale units with interbedded 
19 
 
sandstone units (McFarland, 2004). The lowest unit is a light-gray, calcareous or dark-gray, non-
calcareous, fissile shale with interbedded, discontinuous sandstone and limestone (McFarland, 
2004). Locally, loosely accreted, cigar-sized crinoid stems weather out (McFarland, 2004). 
Above this shale is a persistent, fine- to medium-grained, thin- to massive- and locally cross-
bedded sandstone (McFarland, 2004). Fresh surfaces are buff to tan and weather dark brown 
(McFarland, 2004). Styolites, Liesegang banding, and honeycomb weathering are common, with 
a unit thickness of approximately 15-60 feet (McFarland, 2004). Above this sandstone is a 
fossil–bearing, dark-gray to black carbonaceous fissile shale, where many of the Anthracoceras 
discus (Frech, 1899) ammonoids and tempestites were collected. Fossils are extremely abundant 
at this interval to include bivalves, cephalopods (elongated and conical nautiloids), corals 
(mostly rugose), crinoids, brachiopods, gastropods, trilobites and plant material fragments 
(McFarland, 2004). Interbedded ironstone concretions are common at this interval (McFarland, 
2004). They can be dark-red to orange lenses, fossiliferous limestone tempestites (Manger, 
2017), or rounded, non-fossiliferous ironstone concretions (McFarland, 2004). Many of the 
concretions contain calcite pairings (McFarland, 2004). Thinly bedded sandstone and limestone 
alternate within this upper shale unit (McFarland, 2004). The limestone beds are observed to be 










Outcrop and Sample Collection Locality 
  The study area is illustrated in Appendix D, Figure 25. The four outcrop were chosen 
for this project and are located on the NASP, between the Ozark Dome to the north, and 
Boston Mountains to the south (Appendix D, Figure 10) (Gordon, 1965) The outcrops were 
chosen for excellent occurrence of target fossils, excellent exposure of the outcrop, general 
understanding of the outcrop as it fits into Arkansas geologic history, and proximity to the 
University of Arkansas. These qualities allowed for the project to make a direct, beneficial 
impact on the state of Arkansas. These qualities also allowed the project to be completed 
within reasonable amount of time and budget constraints. The four outcrop and sample 
collection sites are: 
Field locations of Washington County are located at: 
  1) Shiloh Road, lower Fayetteville Shale Outcrop (Appendix D Figure 19 & 
   20) 
GPS Coordinates 36.042080, -94.191383 
  Approximately 0.9 miles south of the intersection of MLK Blvd and  
   S. Shiloh Rd. 
  Fayetteville Township, Washington County, Arkansas 
 
  2) Town Branch, lower Fayetteville Shale outcrop (Appendix D Figure 21 &  
   22) 
  GPS Coordinates 36.045862, -94.180487 
  Approximately 0.2 miles south of the intersection of W 15th St. and   
   S. Razorback Rd. and 200ft east of S. Razorback Rd. 
  Fayetteville Township, Washington County, Arkansas 
 
The field location of Van Buren County is located at: 
  3) Peyton Creek Roadcut, Imo Member of the Pitkin Limestone (Appendix D 
   Figure 23) 
  GPS Coordinates 35.785704, -92544173 
  Approximately 4.3 miles south of Leslie, Arkansas on US Hwy 65S  
  Washington Township, Van Buren County, Arkansas 
  The Peyton Creek Roadcut was measured in detail by Manger (1979)  




 The field location of Searcy County is located at: 
  4) Marshall Roadcut, Fayetteville Shale and Pitkin Limestone (Appendix D  
   Figure 24) 
  GPS Coordinates 35.895212, -92.614632 
  Approximately 1.6 miles south of Marshall, Arkansas on US Hwy 65S 
 Bear Creek No. 6 Township, Searcy County, Arkansas  
The Marshall Roadcut was measured in extreme detail by Handford and   
  Manger (1993), Appendix D, Figure 27.   
 
Ammonoid Taphonomy 
Ammonoid taphonomy is the critical lens through which this project intends to bring 
higher resolution to the sequence stratigraphy and depositional environment at the end of the 
Mississippian (Chesterian) Series in northern Arkansas. Taphonomy of ammonoids within the 
Fayetteville Shale and Imo Shale member of the Pitkin Limestone are analyzed both 
macroscopically and microscopically. Macroscopic characteristics include method of 
emplacement, crystal habit of mineralogy, and any other notable characteristics that can infer 
depositional dynamics during the late Mississippian (Chesterian) of the NASP. The microscopic 
taphonomy pertains to the mineralization and morphology of the specimens not seen with an 
unaided eye. Thin sections were created to capture the axis parallel to coiling, perpendicular to 
coiling, and any other notable characteristics. The Fayetteville Shale ammonoid taxon to be 
analyzed is Emstites fayettevillea (Gordon, 1965). The Imo Shale member of the Pitkin 
Limestone ammonoid to be analyzed is Anthracoceras discus (Frech, 1899). Appendix A lists 
and describes attributes of all ammonoid samples collected from the Imo Member of the Pitkin 
Limestone. Appendix B lists and describes attributes of all ammonoid samples collected from the 
lower Fayetteville Shale. Appendix C lists and describes attributes of all tempestite deposits and 
miscellaneous flora/fauna samples collected from the Imo Member of the Pitkin Limestone. 
Emstites fayettevillea ammonoids from the Fayetteville Shale and Anthracoceras discus 
from the Imo Shale member of the Pitkin Limestone were acquired from the University of 
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Arkansas Geology Museum as well as those collected by the author and Dr. Manger at 
designated outcrops. Combined, hundreds of Emstites fayettevillea ammonoids, five 
Anthracoceras discus ammonoids, and seventeen tempestite deposits were collected. A total of 
twenty-four samples with enough integrity were prepared as thin sections, later stained and 
photographed. 
The lower Fayetteville Shale outcrops at Shiloh Road and Town Branch produced a total 
of ten thin sections with Emstites fayettevillea that range in diameter from 5mm-6cm. One-
hundred and twelve concretions and macroscopic samples were collected, with hundreds more 
ammonoids preserved on the surface or interior of the concretions. Only one Emstites 
fayettevillea ammonoid collected at Town Branch had enough integrity to be produce a thin 
sections, out of twenty-seven macroscopic samples. 
The Imo Member of the Pitkin Limestone at the Peyton Creek Roadcut produced a total 
of fourteen thin sections. Anthracoceras discus ranged approximately 1-2cm in size. Five 
Anthracoceras discus ammonoids were collected from the Imo Member of the Pitkin Limestone 
at the Peyton Creek Roadcut by Dr. Manger, none were recovered by the author. One ammonoid 
barren concretion and seventeen tempestite deposits were collected by the author, of which eight 
slides were made. Thirty-three macroscopic samples were collected at this location preserving 
various flora, fauna, and tempestite fragments. 
Ammonoid taphonomy by method of preservation herein include some modification of a 
previous investigation on Fayetteville Shale ammonoids by Dr. Lisa Meeks (1997). Meeks listed 
possible classifications at the macroscopic level; preserved crushed parallel to dorsal-ventral 
plane with or without living chamber present, crushed perpendicular to dorsal-ventral plane with 
or without living chamber present, concretionary, secondary mineral replaced, flattened on both 
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sides parallel to dorsal-ventral plane, three dimensional testiferous internal molds, coprolitic, 
unassigned fragments (Meeks, 1997). These characteristics will be applied to the Imo Member of 
the Pitkin Limestone as well, with the addition of preservation in tempestite deposits so far only 























Outcrop and Regional Field Observations 
 The Shiloh Road, Marshall, and Peyton Creek outcrops were visited during day field 
trips. The first occurred on February 8, 2018 and the second on March 18, 2019. The route across 
the NASP along strike began in Fayetteville, AR stopping at Harrison, AR, Marshall, AR, 
Peyton Creek, and lastly Batesville, AR. Appendix D, Figure 25 shows the route taken.  
Ammonoid Taphonomy 
Ammonoids from the Fayetteville Shale and Imo Shale member of the Pitkin Limestone 
have macroscopic and microscopic qualities unique to the taphonomy at time of deposition and 
later diagenesis (Manger, 2019), which have not been studied previously. 
Thin sections of ammonoids were produced at the University of Arkansas with the help 
of Dr. Glenn Sharman and classmate Dennis Mmasa. Material for study comprised nearly one-
hundred and twelve concretions containing hundreds of ammonoids were collected at Shiloh 
Road outcrop, eleven concretions with ammonoid samples at Town Branch outcrop, and five 
ammonoids from the Peyton Creek roadcut. Appendix D, Figure 13 summarizes the preservation 
mode of the ammonoids. Once samples were collected, they were cut to size by a water-cooled 
rock saw at the Martin Luther King Jr. Blvd geosciences laboratory. Samples with notable 
characteristics and unique preservation were photographed and documented (Appendices A-C). 
Samples with stable integrity were chosen to be made into thin section, twenty-four in total. Thin 
sections were made following the procedures described in the University of Arkansas 
Geosciences laboratory manual. The twenty-four thin sections were then stained with ferroan and 
non-ferroan chemicals, Alizarin red S and Potassium hexacyanoferrate (III), to distinguish 
between ferroan and non-ferroan calcite and dolomite. A red stain from Alizarin red S indicates 
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non-ferroan calcite, a purple stain indicates ferroan calcite. A turquoise blue stain from 
Potassium hexacyanoferrate (III) indicates ferroan dolomite and lack of stain indicates non-
ferroan dolomite. Stained thin sections could then be analyzed for mineralogic differences and 
crystal habit, under cross polarized and white light petrographic microscopes. Any notable or 
unique characteristics were photographed in high resolution with the help of Dr. Glenn Sharman 




















Results and Observations 
Outcrop and Regional Field Observations 
The lower Fayetteville Shale at Shiloh Road Outcrop is observed as black, fissile, 
carbonaceous black to dark gray shale. Accessory minerals include abundant mica in the 
shale and sideritic concretions layered periodically throughout the outcrop. The shale is 
laminar, thinly bedded, 1-5mm on average, rarely exhibiting depositional fabric. The 
shale weathers light gray and is extremely fissile, a top layer of shale chips approximately 
1-2cm thick. The sideritic concretions are mostly concentrated along bedding planes, 
periodically emplaced throughout the outcrop in 3-6m intervals. The sideritic concretions 
weather out to approximately 5-25cm in a spheroid shape with an elongated axis. The 
Shiloh Road Outcrop is approximately 30m high and 125m wide, with an approximately 
20-degree slope. The outcrop is heavily incised by small streams which aid in exposing 
sideritic concretions and the occasional fossil preserved in the shale without a concretion. 
The only fossils observed in the lower Fayetteville Shale at Shiloh Road Outcrop were 
ammonoid Emstites fayettevillea and nautiloid Rayonnoceras solidiforme. Basal 
Wedington Sandstone terminates the interval at the uppermost portion of the outcrop.  
 The lower Fayetteville Shale at Town Branch Outcrop is similar to the Shiloh Road 
Outcrop approximately 2/3 mile to the west. The Fayetteville Shale is observed as laminar thinly 
bedded 1-5mm thick, black carbonaceous fissile shale with lightly micaceous silt. The shale 
weathers light to dark gray, top layer 1-2cm thick with fissile shale chips. The Town Branch 
Outcrop is exposed by Town Branch Creek, cutting through approximately 2-20ft of shale 
producing its streambed. Sideritic concretions are common, in layered horizons in place and 
weather out from the easily erodible shale. The sideritic concretions are commonly 5-20cm in 
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their elongate axis, not being completely spheroidal. The concretions contained or were covered 
with eroded Emstites fayettevillea ammonoids. No other ammonoids, or other fossil biota, were 
observed. This is most likely due to the fluvial nature of the Town Branch Creek only preserving 
the durable sideritic concretions and destroying exposed fossilized organisms.  
 The Marshall Roadcut exposes the lower Fayetteville Shale and upper Fayetteville Shale, 
as well as the contact between the upper Fayetteville Shale and the Pitkin Limestone. The 
Marshall Roadcut is approximately 88.15 miles east/south-east of Fayetteville, Arkansas, 
laterally along strike profile. The Fayetteville Shale crops out much differently over the 88.15 
miles. The Marshall Roadcut has been measured in great detail by Handford and Manger (1993)  
(Appendix D, Figure 27) with total thickness approximately 155ft, ~125ft of that belonging to 
the Fayetteville shale, approximately 30ft the basal Pitkin Limestone. Moving up section through 
the outcrop, the black fissile shales become interbedded with micritic mudstone horizons not 
observed in the western exposures of the formation. The micrites contain pyritized brachiopods 
and emit a potent petroliferous odor when freshly broken. The micrite beds increase in frequency 
and thickness stratigraphically higher in the outcrop, until reaching a conformable transition to 
the Pitkin Limestone. The Pitkin Limestone is a fossiliferous to oolitic limestone at its base and 
exhibits shallowing upwards. 
 The Peyton Creek Roadcut exposes the Pitkin Limestone as it conformably transitions to 
the Imo Member of the Pitkin Limestone. The Peyton Creek Roadcut was measured in detail by 
Sutherland and Manger (1974) (Appendix D, Figure 18). The Peyton Creek Roadcut begins in 
the Pitkin Limestone calcarenite, oolitic shoal lithology before conformably transitioning to the 
dynamic lithology of the Imo Member. The Imo Member of the Pitkin Limestone begins as thin 
beds of carbonate and quickly transitions to a thick interval of black, fissile, concretionary shale. 
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The black shale interval transitions to a grey calcareous mudstone, then makes a distinct 
lithology change to sandstones and siltstones for several dozen feet up section. The oscillating 
trend of lithology continues to the uppermost section, where a covered interval masks the 
transition to Morrowan (Pennsylvanian) Witts Springs, and it is not possible to truly distinguish a 
conformable or unconformable relationship. The collection site lies within measured section 21-
28 (Sutherland and Manger, 1974) exposes the Imo Member predominantly as a black to dark 
gray, fissile, carbonaceous, slightly micaceous shale, which is thinly laminar bedded 1-5mm 
thick. Concretions are abundant, often containing nucleated biota such as bivalves or the 
ammonoid Anthracoceras discus. Sandstone beds mark the top of the collection interval. Perhaps 
the most important depositional fabric of the Imo Member of the Pitkin Limestone are tempestite 
beds.  
Tempestite Analysis  
Tempestite deposits (Stevens and Manger, 2018) within the Imo Member of the Pitkin 
Limestone are interpreted as punctuated storm events in which effective wave base was able to 
reach sea-floor, or very near it, and transport sediment and/or organisms shoreward until such a 
time as energy diminished, and the detritus was deposited. Tempestite deposits at Peyton Creek 
range in thickness from approximately 5-40cm, on average ~15cm. The tempestites weather 
brownish-red to orange and are dark grey on fresh surfaces. Major accessory minerals observed 
are pyrite, potentially unstable marcasite, and phosphate. The pyrite (marcasite) can be 
crystalline following a fracture plane or replacing fauna, with some goniatites becoming 
completely pyritized. Phosphate, pyrite, and carbonate are the predominant replacement 
mineralization in the lithology. An abandoned room-and-pillar phosphate mine is located at the 
bottom of the roadcut, where the Pitkin Limestone meets the Imo Member, nearly 100ft down 
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section. Texturally, the tempestites are welded Packstone/Packed biomicrite to poorly washed 
Biosparite/Grainstone. The tempestites are extremely dense, hard, and retain integrity well, 
except for the immediate weathered 0.5-1cm. Some tempestite deposits exhibit gradational 
bedding, however, that characteristic is difficult to distinguish in most samples.  
Tempestite deposits were also chemically stained for mineral identification. Staining with 
Potassium hexacyanoferrate (III) and Alizarin red S revealed mineralization to be largely non-
ferroan calcite, with minor ferroan calcite, and large amounts of ferroan dolomite (Appendix C, 
Plate 7). In Slide 24 (Appendix C, Plate 7) dozens of silt size quartz grains were observed in the 
matrix of the tempestite. An ammonoid was also preserved in the same slide, presumably 
Anthracoceras discus cut parallel to the axis of coiling, stained for and exhibiting ferroan 
dolomite and non-ferroan calcite.  
The tempestite deposits contain dozens of flora and fauna taxa to include bryozoans, 
brachiopods, mollusks, gastropods, crinoids, woody plant debris, nautiloids, ammonoids, and 
trilobites (Appendix C, Plate 8). Thin section analysis additionally reveals significant numbers of 
micro-organisms, such as foraminifera and echinoderm fragments (Appendix C, Plate 7). 
Occasionally accessory taxa are found in the black fissile shale (The trilobite Paladin imoensis, 
bivalves and nautiloids Appendix C, Plate 9), but most commonly, they are concentrated in 
tempestite or concretionary intervals. Brezinski (2008) interpreted the recently named trilobite 
Paladin imoensis (Appendix C, Plate 9, Sample 2 & 2.1) contained within the Imo Member of 
the Pitkin Limestone, as inhabiting the shelf edge to outer shelf margins of the late Mississippian 
early Pennsylvanian southern craton of North America. Brezinski (2008) observed that most 





Lower Fayetteville Shale 
Hundreds of Emstites fayettevillea ammonoids were collected from the lower Fayetteville 
Shale, but only ten were made into thin section slides. The majority of lower Fayetteville Shale 
ammonoids weathered and extremely fragile, having been converted into unstable, delicate 
marcasite likely from pyrite. Appendix D, Figure 13 lists taphonomic preservations. The 
majority of Emstites fayettevillea were preserved on, or in, sideritic concretions (Appendix B, 
Plate 4 and Plate 6). Few Emstites fayettevillea were found preserved in the black fissile shale, 
and if so, were usually crushed in varying orientations, 1-5mm thick, as thin and brittle as the 
shale in which they are preserved. Most crushed ammonoids were found perpendicular to the 
axis of coiling (laying on their sides). The sideritic concretions of the lower Fayetteville shale are 
exposed in a layer resembling a lithologic horizon, however, many are found removed by erosion 
and transported down slope to the bottom of the outcrop. Sideritic concretions in the Lower 
Fayetteville shale at the Shiloh Road and Town Branch outcrops are spheroidal to oblong, 
weather tan to red, and are a fine micritie inside, dark grey to black and unweathered. All 
ammonoids out of, and within the sideritic concretions exhibited imploded septal. Not a single 
ammonoid was observed to be perfectly preserved. The best preserved ammonoids were 
observed inside sideritic concretions, however the vast majority were crushed or replaced beyond 
thin section integrity. Most were replaced with varying degrees of carbonate and ferroan 
replacement, most likely pyrite or its unstable form marcasite. 
A total of ten Emstites fayettevillea thin section samples were created at the University of 
Arkansas by the author (Appendix B, Plate 3 and Plate 5). Thin sections were created to capture 
the axis of Emstites fayettevillea parallel to coiling, perpendicular to coiling, and any other 
31 
 
notable characteristics. Preliminary observations of mineralization involved carbonate variations, 
although significant pyritization has occurred in most of the collected ammonoids. The slides 
needed to be stained with carbonate reactive chemicals to identify carbonate mineralization. 
Pelletoid texture infilling the living chamber of the ammonoids and the concretions themselves 
was commonly observed. Septall implosion was also visible at the microscopic scale, and 
appeared to be a consistent characteristic that every ammonoid from the lower Fayetteville Shale 
exhibited.  
Thin section staining of the lower Fayetteville Shale ammonoids (Appendix B, Plate 3 
and Plate 5) revealed a pattern of carbonate mineralization with varying degrees of 
pyrite/marcasite replacement. Some ammonoids (Appendix B, Plate 5, Slide 10a and 10b) were 
nearly completely pyritized and no light was transmitted. Appendix B, Slide 7, 8, 14, 16 were 
observed to stain non-ferroan calcite with non-ferroan dolomite, and minor pyritization. 
Appendix B, Slide 9-13, 15 samples are a mix of ferroan dolomite and non-ferroan calcite, as 
well as pyrite/marcasite visible under plane light. In general, carbonate minerals exhibited a 
blocky crystalline and to lesser extent sparry texture. Staining of lower Fayetteville Shale 
ammonoids revealed a greater abundance of non-ferroan dolomite than ammonoids from the Imo 
Member of the Pitkin Limestone. An anomalous crystal habit observed on a lower Fayetteville 
Shale Emstites fayettevillea was that of dog-tooth spar along the inner margins of septal with 
inner fillings stained ferroan dolomite (Appendix B, Plate 5, Slide 15 & 16).  
Imo Member of the Pitkin Limestone 
A total of five Anthracoceras discus were collected from the Peyton Creek Roadcut. The 
ammonoids where preserved in or on concretions weathering dark grey to light brown (Appendix 
A, Plate 2). Concretions in the Imo Member of the Pitkin Limestone are spheroidal with an 
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elongate axis, ranging in average size 2-9cm. The concretions weather (oxidize) reddish orange 
to grey brown. On fresh surfaces, the concretions are dark grey to reddish orange in a graded 
fashion, as if iron rich elements permeated the concretion to varying degree. No Anthracoceras 
discus ammonoids were found crushed, flattened, or distorted in any manner including those 
found in tempestite deposits. The outer shell of Anthracoceras discus ammonoids were found to 
be replaced with phosphate, preserved well enough to easily view septall serrations.  
Thin sections of the Anthracoceras discus (Appendix A, Plate 1) slides were made at the 
University of Arkansas by the author, as well as one thin section (Appendix A, Plate 2) of a 
concretion lacking any ammonoids. Anthracoceras discus ammonoids analyzed in thin section 
exhibited no imploded septal, crushing, flattening, or distortion in any manner. The ammonoids 
shells underwent replacement by phosphate. Internal mineralization has needle to tooth-like 
crystal habit on the margins of the septal, infilled with a blocky crystal habit. Staining with 
Alizarin red S and Potassium hexacyanoferrate (III) revealed replacement with non-ferroan 
calcite along the septal margins, and ferroan dolomite filling in septal cavities. Minor 
replacement of silica was observed in a tempestite preserved ammonoid (Appendix C, Plate 7, 
Slide 24). The replacement mineralization in ammonoids from the Imo Member of the Pitkin 
Limestone was more consistent than the lower Fayetteville Shale ammonoids. In the Imo 
Member ammonoids, a systematic non-ferroan calcite replaced the septal margins, growing 
inward, in to the chambers, whereas septall chambers were infilled with ferroan dolomite. Silica 






Discussion and Interpretation 
Outcrop Observation and Interpretation 
Fayetteville Shale 
 The lower Fayetteville Shale observed at Shiloh Road Outcrop and Town Branch 
Outcrop is a black, fissile, carbonaceous shale with concretionary horizons. The shale is very 
fine grained, silty, micaceous, very thinly laminated and brittle. The lower Fayetteville Shale 
lacks any terrestrial flora or fauna fossils, no observed trace fossils, but is punctuated with zones 
of mass mortality of nektonic cephalopods. The cephalopods are mostly preserved in or on 
sideritic concretions, although many are found as 3D testiferous molds within the layers of shale. 
The lower Fayetteville Shale remains uniform in its depositional fabric, or lack thereof, 
throughout the several counties and hundreds of feet through which it is exposed. These 
characteristics of the lower Fayetteville Shale suggest an interpretation of a deep water, anoxic, 
very low energy basin environment of the NASP, that saw little change in depositional 
environment or sediment supply until the deposition of the Wedington Sandstone Member. The 
lower Fayetteville Shale belongs to a Maximum Flooding Interval (highstand) during a 
Transgressive Systems Tract in the upper Mississippian (Chesterian) Series (Appendix D, Figure 
29). 
The Wedington Sandstone Member of the Fayetteville Shale is characterized as a fine-
grained sandstone gray to brown, sometimes calcareous sandstone (McFarland, 2004) that is 
bedded massively to thickly (Gordon, 1965). Fragments of what was assumed to be Wedington 
Sandstone were observed at Shiloh Road Outcrop and Town Branch outcrop, but not in place. 
The Wedington Sandstone is interpreted as a deltaic depositional environment, where the 
sediment supply likely changed from a East to West/Northernly direction to a northwesterly to 
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southeasterly direction (Manger, 2017). Regardless, the massive beds of fine-grained sandstone 
are inherently different from the very fine grained silty, fissile, laminated clay of the lower 
Fayetteville Shale. The Wedington signals a shift in sediment supply and accommodation space 
of terrestrial aggradation of clastics onto the NASP. The Wedington is not regionally mappable 
and restricted to the western portion of the NASP. The Wedington is interpreted to be a 4th 
Order, Falling-Lowstand-Transgression-Highstand Cycle, within the 3rd Order Highstand Cycle 
of the Fayetteville Shale (McGilvery, 2019). The shift in depositional environment continued to 
change moving stratigraphically upwards, into the upper Fayetteville Shale. 
The upper Fayetteville Shale appears to be observed in its entirety at the Marshall 
Roadcut. While the Wedington Sandstone is not observed in this eastern portion of the NASP, 
the Marshall Roadcut exposes an obvious transitional depositional environment in the 
Fayetteville Shale from a deep water platform system to a nearer shore environment, 
representing a 3rd Order Highstand to Falling Systems Tract. The Marshall Roadcut exposes 
upper Fayetteville Shale as alternating beds of thin laminated calcareous shales and medium to 
thick bedded calcareous mudstone. The calcareous mudstones become thicker and more frequent 
moving up section of the outcrop, until reaching an oolitic shoal at the top of the interval 
assigned to the Pitkin Limestone. Oolitic shoals are indicative of a nearer shore, higher energy 
environment. The calcareous muds of the upper Fayetteville Shale signal a clear shift in 
depositional environment from the lower Fayetteville Shale’s thinly laminated, fissile, black 
carbonaceous silts and clays. The accommodation space has shallowed to a depth more 
conducive to carbonate production. The Marshall Roadcut also exposes fauna that lived in an 
environment nearer to the shoreline, such as brachiopods, as well as nektonic organisms such as 
ammonoids, and nautiloids. The upper Fayetteville Shale and Pitkin Limestone represent a 
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transition from Highstand Systems Tract to Falling System Tract to Lowstand System Tract of 
the upper Mississippian (Chesterian) Series NASP (Chesterian) Series NASP (Appendix D, 
Figure 28). 
Pitkin Limestone 
 The Pitkin Limestone is regionally mappable throughout the NASP. The Marshall 
Roadcut exposes the Pitkin Limestone at the crest of the outcrop, conformably on the upper 
Fayetteville Shale’s oolitic shoal. The Pitkin Limestone will rest unconformably on the lower 
Fayetteville Shale in the western portion of the NASP. The Marshall Roadcut and Peyton Creek 
Roadcut expose the majority of the Pitkin Limestone. The Pitkin Limestone is exposed as a 
fossiliferous limestone, rich in nearshore fauna. Fauna that require clean water conditions thrive 
in the Pitkin Limestone. The Pitkin Limestone is observed as fine- to coarse-grained, oolitic, 
bioclastic limestone, with horizons of black shale interbedding with the Pitkin Limestone. The 
fossiliferous bioclastic limestone, sandstone stringers, oolitic shoals, and fauna that require clear 
water conditions (crinoids, brachiopods, bryozoa, corals, bivalves, and gastropods) are indicative 
of an nearshore zone on the NASP. Accomodation space has now lowered to allow for an 
intertidal zone, stratigraphically higher than the deeper water basin plane of the lower 
Fayetteville Shale. The upper Fayetteville Shale exposes a clear transition of the upward 
thickening shallowing upward trend. The Pitkin Limestone represents a regression of Highstand 
System Tract of the late Mississippian (Chesterian Series across the NASP (Appendix D, Figure 
28).  
Imo Member of the Pitkin Limestone 
 The Imo Member of the Pitkin Limestone is exposed in its entirety at Peyton Creek 
Roadcut. The Imo is the most lithologically diverse unit of the upper Mississippian (Chesterian) 
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Series. The Imo Member at Peyton Creek lies conformably on the Pitkin Limestone transitioning 
to a shaley interval black fissile shale to calcareous shale. Progressing up-section, the Imo 
Member is punctuated with massive sandstone beds and alternating concretionary black fissile 
shale (Appendix D, Figure 18). This trend continues until the Imo Member of the Pitkin 
Limestone reaches the Witts Springs/Cane Hill Member of the Hale Formation. The boundary 
between the Imo Member of the Pitkin Limestone (Mississippian Chesterian) and Cane Hill 
Member of the Hale Formation (Pennsylvanian Morrowan) cannot be directly observed and 
undeniably classified because a runaway truck ramp that covers the boundary. Regional 
observations interpret the boundary as an unconformity; however, the boundary is also 
interpreted to be a conformable contact at the lowstand, a “correlative conformity” like the 
Moorefield, making the Imo Shale a lowstand wedge. The Imo is a unit that becomes 
progressively more terrestrial in aggradation, upward coarsening upward thickening in lithology. 
The shale intervals of the Imo Member are brittle, fissile, fine grained micaceous silts, and 
siliclastics not seen as abundant in earlier units. The Imo Member contains fossil flora and fauna 
not seen in previous Mississippian (Chesterian) units, such as woody plant debris, further 
suggesting a nearshore environment. The Imo’s increasingly terrestrial clastic lithology suggests 
a decrease in accommodation space and shift in sediment supply on the NASP. The Imo Member 
of the Pitkin Limestone represents a further regression towards Lowstand Systems Tract at the 
late Mississippian (Chesterian) Series across the NASP (Appendix D, Figure 28). 
Tempestite deposits in the Imo Member of the Pitkin Limestone 
 Tempestite deposits in the Imo Member of the Pitkin Limestone are interpreted to be 
punctuated depositional events in which storm event effective wave base reached down to water-
bottom, accumulated sediment, and deposited the detrital sediment to an area when energy level 
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dissipated (Stevens and Manger, 2017). Tempestite deposits typically exhibit graded bedding in 
thicker intervals (Appendix C, Plate 8, Sample 4), although in thinner intervals that may be 
harder to distinguish. The tempestite deposits of the Imo Member of the Pitkin Limestone are a 
grain-supported biosparite/grainstone, indicating high enough energy to winnow away most fine-
grained muds. Tempestite deposits stained with ferroan and non-ferroan chemicals reveal 
fossiliferous grains’ primary mineralization of non-ferroan calcite with minor dolomite. 
Tempestites in the Imo Member of the Pitkin Limestone are not completely free of fine-grained 
mud. Appendix C, Plate 7, Slide 24 exhibits silt sized siliclastic detritus as an accessory matrix to 
non-ferroan calcite muds. The silt sized quartz grains are interpreted as coming from a variety of 
sources, including volcanic ash fall from volcanism of the southern encroaching Ouachita 
Accretionary Prism, the northereastern Appalachian erosion runoff, or the same sediment source 
supplying punctuated massive sandstone beds exposed down-section of the outcrop.  
 Tempestite deposits in the Imo Member of the Pitkin Limestone are critical to explain the 
anomaly of how the trilobite Paladin imoensis (Brezinski, 2008) was deposited in the Imo 
Member. Paladin imoensis is interpreted living in a shelf-margin environment (Brezinski, 2008) 
far basinward of the NASP. Paladin trilobites have been discovered worldwide to support this 
interpretation. A likely explanation of how a deep-water trilobite was deposited on the 
shallowing upward NASP is the very mechanism which preserved them; tempestite deposits. 
Appendix C, Plate 8, Sample 1 exposes one of many Paladin imoensis trilobite fragments 
preserved in a tempestite deposit. Paladin imoensis can also be preserved in the fine grained, 
micaceous, silty fissile black carbonaceous shale units of the Imo Member. Appendix C, Plate 9, 
Sample 2 & 2.1 expose a well-preserved Paladin imoensis trilobite fragment, in the shale unit 
interpreted as a deep-water shale by Brezinski (2008). Many of the Paladin imoensis trilobites 
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described by Brezinski (2008) were preserved enrolled. Enrolled trilobites would explain a 
trilobite that died and was preserved outside of its living environment, an unknown distance yet 
shallower environment, away from its living area. The Imo Shale is interpreted to have been 
deposited in depths shallower than the Fayetteville Shale based on the presence of tempestite 
deposits, the tempestite deposits preserved enrolled deepwater trilobites to a nearshore 
environment, and the intact septa of the ammonoid Anthrococeras discus. 
Ammonoid Taphonomy Interpretation 
Emstites fayettevillea lower Fayetteville Shale 
 Emstites fayettevillea of the lower Fayetteville Shale are preserved in ways that directly 
reflect a low energy, quiet, low sediment supply, deep water depositional environment. The 
lower Fayetteville Shale is interpreted as a basinward, deep marine platform of the NASP. 
Regardless of taphonomy, Emstites fayettevillea are preserved in extreme detail. Emstites 
fayettevillea are not abraded, rounded, fragmented, or exhibit other characteristics of a high 
energy environment. Emstites fayettevillea of the lower Fayetteville Shale are mostly preserved 
in or on sideritic concretions, or within the thin laminated fissile black carbonaceous shale. 
Emstites fayettevillea preserved on or in concretions exhibit crushed septa. Emstites fayettevillea 
preserved within the shale are usually crushed parallel or perpendicular to the axis of coiling, 
although sometimes as complete 3D testiferous molds. The macroscopic taphonomy 
characteristic of the whole, 3D testiferous molds also exhibit crushed septa. Flattened and 
crushed ammonoids between shale laminae are believed to be the result of burial and diagenesis 
processes. Regardless of Emstites fayettevillea macroscopic taphonomy, one main characteristic 
is uniform: crushed septal chambers. Septal implosion is interpreted to be the result of deep-
water column overpressure. Dead Emstites fayettevillea are postulated to have sunk to the 
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seafloor, losing their soft tissues, allowing the overpressure of the water column to implode their 
septal. Septall implosion is not observed in the Anthracoceras discus ammonoids in the Imo 
Member of the Pitkin Limestone. 
 Emstites fayettevillea stained with ferroan and non-ferroan chemicals, Potassium 
hexacyanoferrate (III) and Alizarin red S, respectively, exhibit paragenetic, non-ferroan calcite 
with later diagenetic replacement by ferroan dolomite and pyrite/marcasite. Chemical staining 
results and crystallographic analysis postulates that Emstites fayettevillea conch and septal were 
originally composed of non-ferroan calcite, and initially preserved as such upon death and burial, 
above carbonate compensation depths, but below warmer, shallow water depth conducive to 
aragonite, and later diagenetic infilling and replacement mineralogy introduced ferroan dolomite 
and pyrite/marcasite to the conchs. 
Anthracoceras discus Imo Member of the Pitkin Limestone 
 The taphonomy of Anthracoceras discus ammonoids in the Imo Member of the Pitkin 
Limestone reflect a shallow, warm water, higher energy depositional environment. All 
Anthracoceras discus ammonoids in the Imo Member of the Pitkin Limestone were well 
preserved, in or on concretions or even inside tempestite deposits. No Anthracoceras discus 
ammonoids were found crushed or flattened. Regardless of taphonomic preservation, every 
Anthracoceras discus ammonoid retained intact septal chambers. Intact septal chambers in 
Anthracoceras discus ammonoids are interpreted to indicate a water column depth upon death 
and burial that did not exceed depths causing overpressure, and therefore, implode internal 
structure of the ammonoids. Anthracoceras discus ammonoids preserved in tempestite deposits 
did not exhibit crushed septal, confirming the characteristic is likely due to water column 
overpressure and not abrasion by high energy events. 
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 Anthracoceras discus stained with ferroan and non-ferroan chemicals, Potassium 
hexacyanoferrate (III) and Alizarin red S, respectively, exhibit paragenetic sequence different 
from lower Fayetteville Shale ammonoids. Anthracoceras discus ammonoids are interpreted as 
originally aragonite that experienced later diagenetic replacement to non-ferroan calcite (or high 
Mg-calcite) and later replacement by ferroan dolomite. A later diagenetic sequence of phosphate 
and iron-rich minerals of pyrite/marcasite was introduced, and replaced some or all of the 
ammonoid shells. The Anthracoceras discus (Appendix D, Figure 15) cut parallel to the axis of 
coiling was stained with ferroan and non-ferroan chemicals revealed septal margins infilling with 
pseudomorphs of non-ferroan calcite after aragonite needles and inner septal chambers replaced 
with ferroan dolomite. This trend was observed in the later five Anthracoceras discus 
ammonoids collected at Peyton Creek Roadcut cut parallel to the axis of coiling (Appendix A, 
Plate 1, Sample 1-5). The mineralogy interpretation of Anthracoceras discus stained with ferroan 
and non-ferroan chemicals is that nektonic Anthracoceras discus were deposited upon death in a 
warm, shallow water environment and experienced several later diagenetic replacement 
mineralizations before burial. 
Shallowing Upward of the Mississippian (Chesterian) Series 
 Outcrop study of the lower Fayetteville Shale, upper Fayetteville Shale, Pitkin 
Limestone, and Imo Member of the Pitkin Limestone reveals a upward thickening, and 
coarsening transition from deep water, basinward, shelf environment, to nearer shore shelf 
environments within carbonate compensation depths and associated nearshore fauna. The closer, 
nearshore environment was punctuated with terrestrial siliclastics and tempestite deposits 
reaching water-bottom. The depth of the water column cannot be quantified numerically, instead 
qualitatively that the lower Fayetteville Shale was a deeper water basin environment than the 
41 
 
Imo Member of the Pitkin Limestone. This interpretation is further supported by ammonoid 
taphonomy, where lower Fayetteville Emstites fayettevillea ammonoid exhibit imploded septal 
and non-ferroan calcite replacement with minor ferroan dolomite, whereas the Imo Member of 
the Pitkin Limestone ammonoids Anthracoceras discus exhibit intact septal chambers and 
pseudomorphs of calcite after aragonite and minor ferroan dolomite. This interpretation aligns 
with the postulation that the encroaching Ouachita Accretionary Prism affected the 
accommodation space in the northern NASP, while the southern NASP experienced a dramatic 
increase of accommodation space and genesis as the Arkoma Basin. The arrival of the Ouachita 
Accretionary Prism signaled the transition to the Pennsylvanian (Morrowan) and the end of the 
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Plates of Ammonoid Cephalopods from the Imo Member of the Pitkin Limestone 
Plate 1: Thin Section Microscopy, Imo Member of the Pitkin Limestone, Peyton Creek Roadcut 
 
Plate 1 Slide 1 (L to R): Unstained White Light, Stained White Light, Stained Plane Light 10x,  




Plate 1 Slide 2 (L to R): Unstained White Light, Stained White Light, Stained Plane Light 10x,  




Plate 1 Slide 3 (L to R): Unstained White Light, Stained White Light, Stained Plane Light 2.5x,  







Plate 1 (Slide 4 (L to R): Unstained White Light, Stained White Light, Stained Plane Light 2.5x,  




Plate 1 Slide 5 (L to R): Unstained White Light, Stained White Light, Stained Plane Light 2.5x,  
Stained Cross-Polarized Light 2.5x. 
 
Plate 1 Slide 1-5: Five Anthracoceras discus apertural view specimens cut perpendicular 
to the axis of coiling. Specimen encased in a phosphate-replaced shell, within a sideritic 
concretion. Staining with Alizarin Red S and Potassium hexacyanoferrate (III) reveals a 
general trend of septall margins replaced with pseudomorphs of non-ferroan calcite after 
aragonite from the outside inward, and ferroan dolomite inside septall chambers. Septal 
intact and well preserved. Minor sediment infilling of living chamber, intact. Protoconch 
well preserved, as well as final living chamber. Occasional pyrite accessory replacement. 
Minor flaking of carbonate mineral inside concretion, non-ferroan calcite or ferroan 
dolomite based on staining, differs for each ammonoid. 
Plate 2: Taphonomic Types, Imo Member of the Pitkin Limestone, Peyton Creek Roadcut 
 
 
Plate 2 Slide 6: Concretion cut on longest axis. Sideritic, weathering brownish red. Fresh 
 unweathered surface dark gray with ferroan dolomite mineral veins. No ammonoid or 
 other fauna observed. Significant pyrite observed on reflective light. (L to R): Unstained 
White Light, Stained White Light, Stained Plane Light 2.5x,  






Plate 2 Sample 1 (Top) & 1.2 (Bottom): Ammonoid Anthracoceras discus on concretion. Shell 












Plate 2 Sample 2: Tempestite captured what appears to be an ammonoid, likely Anthracoceras 









Plates of Ammonoid Cephalopods from the Fayetteville Shale 
Plate 3: Thin Section Microscopy, Lower Fayetteville Shale, Town Branch Outcrop 
 
Plate 3 Slide 7 (L to R): Unstained White Light, Stained White Light,  






Plate 3 Slide 8 (L to R): Unstained White Light, Stained White Light,  
Stained Plane Light 2.5x, Unstained Cross Polarized 2.5x.  
 
Plate 3 Slide 7-8: Single Emstites fayettevillea cut tangentially to the parallel axis to 
coiling, encased within a sideritic concretion. Concretion and living chamber appears to exhibit a 
pelletoid texture, likely ferroan. Reflective light suggests pyrite. Accessory minerals include 
pyrite, marcasite (unstable). Staining with Alizarin red S and Potassium hexacyanoferrate (III)  
reveals a non-ferrous calcite composition (red), with non-ferrous dolomite (clear). It is possible 
the clear stained carbonate are due to sectioning effect. Crystalline carbonate texture observed, 
pseudomorphs unlikely. Note the crushed and imploded septal fragments pushed into a 
concentrated area. Siphuncle however still preserved. Epoxy resin for integrity stained light blue. 









Plate 4: Taphonomic Types, Lower Fayetteville Shale, Town Branch Outcrop 
 
 
Plate 4 Sample 1: Emstites fayettevillea ammonoids preserved within fissile Fayetteville Shale, 




Plate 4 Sample 2: Emstites fayettevillea preserved flattened within fissile black carbonaceous 






Plate 4 Sample 3 & 3.1: Crystalline carbonate replaced Emstites fayettevillea ammonoid within a 





Plate 4 Sample 4: Carbonate replaced Emstites fayettevillea ammonoid within a sideritic 
 concretion, fresh off the cutting saw, that would later become Slide 7 and Slide 8. 
 Staining with ferroan and non-ferroan chemicals will reveal a non-ferroan calcite 




Plate 5: Thin Section Microscopy, Lower Fayetteville Shale, Shiloh Road Outcrop 
 
 
Plate 5 Slide 9: Emstites fayettevillea cut parallel to the axis of coiling, encased in a sideritic 
concretion. Concretion and living chamber appear to exhibit a pelletoid texture, likely ferroan. 
Reflective light suggests pyrite. Accessory minerals include pyrite, marcasite (unstable). The 
ammonoid appears to be mineralized by carbonate. Staining with Alizarin red S and Potassium 
hexacyanoferrate (III) reveals a ferroan dolomite composition. Crystalline  carbonate is texture 
observed, pseudomorphs unlikely. Note the crushed and imploded septal fragments throughout 
the entire internal structure. (L to R): Unstained white light, stained white light, stained plane 




Plate 5 Slide 10: Emstites fayettevillea cut perpendicular to the axis of coiling, encased in a 
sideritic concretion. Concretion and living chamber appear to exhibit a pelletoid texture, likely 
ferroan. Reflective light suggests pyrite. Accessory minerals include pyrite, marcasite (unstable). 
The ammonoid appears to be mineralized by carbonate. Staining with Alizarin red S and 
Potassium hexacyanoferrate (III) reveals a ferroan dolomite composition. Crystalline  carbonate 
is texture observed, pseudomorphs unlikely. Note the crushed and imploded septal fragments 
throughout the entire internal structure. (L to R): Unstained white light, stained white light, 












Plate 5 Slide 11: Emstites fayettevillea cut parallel to the axis of coiling, encased in a sideritic 
concretion. Concretion and living chamber appears to exhibit a pelletoid texture, likely ferroan. 
Reflective light suggests pyrite. Accessory minerals include pyrite, marcasite (unstable). Staining 
with Alizarin red S and Potassium hexacyanoferrate (III) reveals a ferroan dolomite composition. 
Crystalline carbonate texture observed, pseudomorphs unlikely. Note the crushed and imploded 
septal fragments throughout the entire internal structure. (L to R): Unstained white light, stained 




Plate 5 Slide 12: Emstites fayettevillea cut parallel and tangential perpendicular to the axis of 
coiling, encased in a sideritic concretion. Concretion and living chamber appears to exhibit a 
pelletoid texture, likely ferroan. Reflective light suggests pyrite. Accessory minerals include 
pyrite, marcasite (unstable). Staining with Alizarin red S and Potassium hexacyanoferrate (III) 
reveals a (blue) ferroan dolomite composition. Crystalline carbonate texture observed, 
pseudomorphs unlikely. Note the crushed and/or imploded septal fragments throughout the entire 
internal structure. Samples origionally prepared by Dr. Lisa Meeks, stained and photographed by 
the author. (L to R): Unstained white light 10x, stained white light, stained plane light 2.5x, 











Plate 5 Slide 13: Emstites fayettevillea cut parallel and tangential perpendicular to the axis of 
coiling, encased in a sideritic concretion. Concretion and living chamber appears to exhibit a 
pelletoid texture, likely ferroan. Reflective light suggests pyrite. Accessory minerals include 
pyrite, marcasite (unstable). Staining with Alizarin red S and Potassium hexacyanoferrate (III) 
reveals a (blue) ferroan dolomite composition. Crystalline carbonate texture observed, 
pseudomorphs unlikely. Note the crushed and/or imploded septal fragments throughout the entire 
internal structure. Samples origionally prepared by Dr. Lisa Meeks, stained and photographed by 
the author. (L to R): Unstained white light, stained white light, stained plane light 2.5x, stained 




Plate 5 Slide 14: Emstites fayettevillea cut parallel to the axis of coiling, as close to the 
protoconch as possible. The ammonoid is encased in a sideritic concretion. Concretion and living 
chamber appears to exhibit a pelletoid texture, likely ferroan. Reflective light suggests pyrite. 
Accessory minerals include pyrite, marcasite (unstable). Staining with Alizarin red S and 
Potassium hexacyanoferrate (III) reveals a non-ferroan calcite dominant composition, with minor 
ferroan dolomite. Crystalline  carbonate texture observed, pseudomorphs unlikely. Note the 
crushed and/or imploded septal fragments throughout the entire internal structure. Many of the 
lower Fayetteville Shale Emstites fayettevillea ammonoids exhibit pyritization from the outside 
in, with carbonate replacement mineralization in the innermost septal chambers. (L to R): 









Plate 5 Slide 15: Emstites fayettevillea cut tangentially parallel to the axis of coiling, as close to 
the protoconch as possible. The ammonoid is encased in a sideritic concretion. Concretion and 
living chamber appears to exhibit a pelletoid texture, likely ferroan. Reflective light suggests 
pyrite. Accessory minerals include pyrite, marcasite (unstable). Staining with Alizarin red S and 
Potassium hexacyanoferrate (III) reveals (blue) ferroan dolomite as the major mineralization. 
Sparry carbonate texture observed along septal margins similar to “dog-tooth” calcite spar, or 
Mg-Ca inhibited “bladed” crystallography. Pseudomorphs unlikely. Minor crushed and/or 
imploded septal fragments present, but this specimen is well preserved overall. (L to R): 







 Plate 5 Slide 16: Emstites fayettevillea cut tangentially parallel to the axis of coiling, as close to 
the protoconch as possible. The slide is the same ammonoid described in Slide 15, sectioned 
further down the axis. The slide stained preferably towards non-ferroan calcite with minor 
ferroan dolomite, the opposite of the same ammonoid deeper in the origin. Part of this may be 
due to the thinness of the thin section. Another possibility may be due to partitioned replacement 
mineralization. Imploded septal fragments are visible. (L to R): Unstained white light, stained 








Plate 6: Taphonomic Types, Lower Fayetteville Shale, Shiloh Road Outcrop  
 
 
Plate 6 Sample 1: Typical unweathered outside view of sideritic concretions from the lower 
Fayetteville Shale. Encrusting Emstites fayettevillea ammonoids is common, but not garanteed, 





Plate 6 Sample 2 Internal view of lower Fayetteville Shale sideritic concretion that contains an 
Emstites fayettevillea ammonoid, cut parallel to the axis of coiling. Note replacement with 
pyrite/marcasite near the outer region and carbonate replacement in inner region. Veins of 
carbonate and pyrite/marcasite common. Septal appear to be crushed, typical of Emstites 






Plate 6 Sample 3: Internal view of lower Fayetteville Shale sideritic concretion with several 
Emstites fayettevillea ammonoid, cut through various axial planes. Note near total replacement 
with pyrite/marcasite. Large amounts of mud infilling these ammonoids. Septal appear to be 






Plate 6 Sample 4: Internal view of lower Fayetteville Shale sideritic concretion that bears an 
Emstites fayettevillea ammonoid, cut perpendicular to the axis of coiling. Note replacement with 
pyrite/marcasite near the outer region and carbonate replacement in inner region. Veins of 
carbonate and pyrite/marcasite common. Septal appear to be crushed, typical of Emstites 







Plate 6 Sample 5: Internal view of lower Fayetteville Shale sideritic concretion that bears an 
Emstites fayettevillea ammonoid, cut perpendicular to the axis of coiling. Note replacement with 
pyrite/marcasite near the outer region and carbonate replacement in inner region. Veins of 
carbonate and pyrite/marcasite common. Septal appear to be crushed, typical of Emstites 






Plate 6 Sample 6: Internal view of lower Fayetteville Shale sideritic concretion with several 
Emstites fayettevillea ammonoids, cut through various axis. The center ammonoid appears to be 
cut perpendicular to the axis of coiling. Note replacement with pyrite/marcasite near the outer 
region and carbonate replacement in inner region. Veins of carbonate and pyrite/marcasite 
common. The center specimen is noteworthy due to the clear septal fragmentation pushed to the 






Plate 6 Sample 7: External and internal view of lower Fayetteville Shale sideritic concretion that 
bears Emstites fayettevillea ammonoids. This sample was chosen because it exhibits how 
ammonoids preserved on the concretion weather differently than those inside the concretion. 
Note replacement with pyrite/marcasite near the outer region and carbonate replacement in inner 
region. Veins of carbonate and pyrite/marcasite common. Septal appear to be crushed, typical of 








Plate 6 Sample 8 and 8.1: Emstites fayettevillea ammonoids crushed along various planes. These 
ammonoids are typically found within the fissile shale, not in concretions. 8.1 exhibits an 
irridescent sheen, reminiscent of opalization or ammolite. No other Emstites fayettevillea 







Plate 6 Sample 9: Emstites fayettevillea ammonoid well preserved, partially on a concretion. It is 
unclear whether the concretion has weathered off, or the ammonoid was never fully enveloped. 
This ammonoid was found in the fissile shale of the incised stream cut of the locality, not in the 




Plate 6 Sample 10 (above left) and Plate 6 Sample 10.2 (above right): Emstites fayettevillea 
ammonoid found found in the fissile shale of the incised stream cut of the locality, not in the 
sideritic concretion “horizon.” This ammonoid was found well preserved despite not being 
enveloped by a concretion. The ammonoid was extremely friable and fragile. Sample 10.1 views 




Plates of Tempestite Deposits and other Flora and Fauna from the Imo Member of the Pitkin 
Limestone 




Plate 7 Slide 17: Tempestite deposit centered on a large nautiloid, nearshore and bioclastic 
fragments, such as bryozoans, brachiopods, crinoids, gastropods, foraminifera, echinoderm, grain 
bound in mud matrix. Staining with Alizarin red S and Potassium hexacyanoferrate (III) reveals 
a mixture of non-ferroan calcite and ferroan dolomite. Reflective light reveals pyrite/marcasite 
and phosphate. Observed crystal habit of nautiloid similar to Mg-rich calcite, replaced with 
pyrite/marcasite, void spaces infilled with blocky crystalized ferroan dolomite. (L to R): 





Plate 7 Slide 18 (L to R): Unstained white light, stained white light, stained plane light 2.5x, 









Plate 7 Slide 19 (L to R): Unstained white light, stained white light, stained plane light 2.5x, 




Plate 7 Slide 20 (L to R): Unstained white light, stained white light, stained plane light 2.5x, 




Plate 7 Slide 21 (L to R): Unstained white light, stained white light, stained plane light 2.5x, 




Plate 7 Slide 22 (L to R): Unstained white light, stained white light, stained plane light 2.5x, 
stained cross polarized light 2.5x. 
 
Plate 7 Slide 18-22: Tempestite deposits exposing nearshore and bioclastic fragments 
such as bryozoans, brachiopods, crinoids, gastropods, foraminifera, echinoderm, grain bound in 
mud matrix. Staining with Alizarin red S and Potassium hexacyanoferrate (III) reveals a mixture 
of non-ferroan calcite and ferroan dolomite. Phosphate nodules common. Reflective light reveals 







Plate 7 Slide 23: Tempestite deposit molded in blue epoxy in order to retain stability. This blue 
epoxy resin inhibited the ability to effectively view the effects of chemical staining. The 
tempestite is filled with typical nearshore and bioclastic fragments seen in previous tempestite 
samples. Major chemical staining observed is non-ferroan calcite with minor ferroan dolomite 
responses. (L to R): Unstained white light, stained white light, stained plane light 2.5x, stained 




Plate 7 Slide 24: Tempestite deposit from Peyton Creek containing nearshore and bioclastic 
fragments such as bryozoans, brachiopods, crinoids, gastropods, foraminifera, echinoderm, grain 
bound in mud matrix. Chemical staining reveals a dominance of non-ferroan calcite replacement 
and minor ferroan dolomite. Pyrite/marcasite is observed with reflective light. These samples 
contain two unique features: silt sized quartz grains and an Anthracoceras discus ammonoid in 
concretion within the tempestite. The ammonoid is well preserved and cut tangentially-parallel to 
the axis of coiling. Chemical staining indicates non-ferroan calcite and ferroan dolomite 
replacement. Septal are well preserved. Outer phosphatic shell is visible. The quartz grains are 
unusual for a dominantly carbonate mud deposit, however, as a storm deposit the tempestite 
gathered up a wide variety of detritus. The quartz grains illustrate the variation in sediment 
supply to the Imo interval. (L to R): Unstained white light, stained white light, stained plane light 












Plate 7 Slide 24: Anthracoceras discus ammonoid preserved in tempestite deposit:  
Unstained plane light 2.5x, unstained cross polarized light 2.5x, stained plane light 2.5x,  
stained cross polarized light 2.5x,  




Plate 7 Slide 24: Quartz grains identified in tempestite mud: 
Unstained plane light 2.5x, unstained cross polarized light 2.5x,  
unstained darker cross polarized light 2.5x,  





Plate 8: Macroscopic Tempestites, Imo Member of the Pitkin Limestone, Peyton Creek Roadcut 
 
 
















Plate 8 Sample 4. 
 
Plate 8 Samples 1-4: Typical tempestite deposits from Peyton Creek Roadcut. Tempestites 
weather reddish-orange to brown and are dark gray on presh surfaces. Tempestites are grain-
bound, welded Packstone/Packed biomicrite to poorly washed Biosparite/Grainstone with fine 
grained muds. The grains of the tempestites are composed of fragmented nearshore shallow 
marine organisms, nektonic cephalopods, terrestrial flora, and the occasional trilobite fragment. 
The trilobite in Sample 1 is identified as Paladin imoensis, that Brezinski (2008) interpreted as 
inhabiting the shelf-margin. Sample 4 appears to have a texture resembling graded bedding 






















Sample 5-8: Typical tempestite deposits from Peyton Creek Roadcut, cut and polished to 
illustrate internal composition. Tempestites weather reddish-orange to brown and are dark gray 
on fresh surfaces. Tempestites are grain bound welded Packstone/Packed biomicrite to poorly 
washed Biosparite/Grainstone, with fine grained muds. The grains of the tempestites are 
composed of fragmented nearshore shallow marine organisms, nektonic cephalopods, terrestrial 
flora, and the occasional trilobite fragment. Sample 5 Tempestite appears to have a graded 
nature. Sample 6 Tempestite captured what appears to be an ammonoid, likely Anthracoceras 
discus. Sample 8 Tempestite includes a large cobble or nodule. 
 














Plate 9 Sample 2 and 2.1: Trilobite preserved within bedded shale, Imo Member of the Pitkin 
Limestone. Not enrolled. Likely Paladin imoensis Brezinski (2008) interpreted as inhabiting 
















Figure 1: Paleogeographic map of North America during the early Mississippian (~345mya). 
Note that Arkansas and Oklahoma are under a shallow sea, the Ozark Dome present in south 






Figure 2: Paleogeographic map of North America during the late Mississippian (~325mya). Note 
that Arkansas and Oklahoma are still under a shallow sea, but the NASP and Arkoma Basin have 
changed. The Ozark Dome covers most of Missouri, and the Ouachita Accretionary Prism is 







Figure 3: Outline map of northwestern Arkansas showing position of major structural 










Figure 4: Generalized north-south cross-sectional Arkansas structural platform, and Arkoma 
basin diagram showing relationship of Ozark dome, northern (modified from Mapes, 1968, 




Figure 5: Correlation chart for Arkansas Cambrian through Devonian Period/Systems. Stipple 





Figure 5.1: Correlation chart for Arkansas Carboniferous Period/System. Stipple pattern denotes 




Figure 6: Detailed stratigraphic column from Liner et al., (2013). Note that carbonate units 
dominate the Mississippian NASP, especially in the early Mississippian (Kinderhook and 
Osagian). Late Mississippian (Meramec and Chester) NASP begins the systematic fluctuation of 





Figure 7: A Blakey Map (2013) (right) of the late Mississippian next to the detailed NASP 










Figure 8: Fayetteville Shale observed in outcrop, measured section, across the NASP from 
northwest Arkansas lower Fayetteville Shale and Wedington Sandstone Member (Washington 







Figure 9: Imo Shale member of the Pitkin Limestone measured section and extent across north 









Figure 10: Physographic divisions of the interior highlands, Arkansas (Gordon, 1965). The 
NASP consists of the Salem, Springfield, and Ozark Plateaus, and parts of the Boston 






Figure 11: “Gravity map of the lower 48 states showing three main tectonic events that have 
affected the study area. The Midcontinent Rift can be seen in the Canadian Shield and running 
into Kansas and possibly northeastern Oklahoma. The Southern Oklahoma Aulacogen and 










Figure 12: Lithospheric transect model from Keller, et al., 2016, adapted from Mickus and 
Keller, 1992. Numbers are densities in g/cm3. 
 
Taphonomic Type Number of Specimens 
  Lower Fayetteville Imo Member of the Pitkin Limestone 
  Emstites fayettevillea Anthracoceras discus 
3D Testiferous Mold 23 0 
Crushed Parallel to Axis of Coiling 4 0 
Crushed Perpendicular to Axis of Coiling 19 0 
Preserved on Sideritic Concretion 182 1 
Preserved Inside Sideritic Concretion 242 5 
Preserved within a Tempestite Deposit 0 2 
Ammonoid Septal Preserved Imploded 424 0 
Ammonoid Septal Preserved Intact 0 5 
 
Figure 13: Taphonomic grouping data of ammonoids in the Fayetteville Shale and Imo Member 
of the Pitkin Limestone. The overwhelming majority of lower Fayetteville Shale ammonoids 
exhibited imploded septal, whereas all ammonoids from the Imo Member of the Pitkin 




Figure 14: “Miracle Ammonoid” Emstites fayettevillea (Gordon, 1965) from Southwestern 
Energy well Green Bay Packaging 10-8 No. 4 16H PH White Co., 3002 Feet Measured Depth, 
Fayetteville Shale (Manger, 2017). Note the imploded septal.  
Green Bay Packaging 10-8 No. 4 16H PH 





Figure 15: Imo Shale member of the Pitkin Limestone ammonoid Anthracoceras discus cut 
perpendicular to the axis of coiling, through the protoconch. Note the pseudomorph aragonite 
needle fabric, stained for calcite mineral replacement. The aragonite needles grew from the 




Figure 16: Tectono-Stratigraphy of the Ozark Plateau to Arkoma Basin from McGilvery et al., 
2016, adapted from Houseknecht and Kacena, 1983. Rodinia breaks up to form Laurasia and 
Gondwana in the Pre-Cambrian to earliest Paleozoic, then re-converges, where the NASP feels 
the tectonic overprint sometime in the early Mississippian, again in the late Mississippian, with 
significant affect at the Mississippian-Pennsylvanian boundary onward into the Pennsylvanian 





Figure 17: Globally inferred fluctuation of non-skeletal carbonate minerology, above and below 
a carbonate threshold. These first order cycles are believed to correlate with major tectonic 
events on earth’s history, such as supercontinents, eustacy, and greenhouse or icehouse climatic 








Figure 18: Generalized stratigraphic succession of the Mississippian Imo Formation exposed at 




Figure 19: Shiloh Road Outcrop, Washington County, Northwest Arkansas. Upper Mississippian 
(Chesterian) lower Fayetteville Shale.  
 
Figure 20: lower Fayetteville Shale at Shiloh Road Outcrop highlighting ephimeral streams 




Figure 21: Town Branch Outcrop, Washington County, Northwest Arkansas. Upper 
Mississippian (Chesterian) lower Fayetteville Shale.  
 
Figure 22: Town Branch Outcrop, highlighting the beds of sideritic concretions that bear 





Figure 23: Peyton Creek Roadcut, Van Buren Cunty, Northern Arkansas. Mississippian 
(Chesterian) Imo Member of the Pitkin Limestone, with measured section annotations 
















Figure 28: Panoramic view of the Marshall Roadcut, exposing upper Fayetteville Shale 
sequence. Pitkin Limestone at top above orange markers (Ratchford and Li, 2016). 
 
Figure 25: Study area annotated with corresponding outcrop and collection sites (Green 





Figure 26: Geologic Map of Arkansas superimposed by the route taken by author and Dr. 




Figure 27: Measured section and stratigraphic column of the Marshall Roadcut. Modified from 




Figure 28: Interpreted Sequence Stratigraphy Stratigraphic Column of the Northern Arkansas 












Figure 29: Vail-Exxon Model of the North Arkansas Structural Platform, along dip. Modified 
from discussion with McGilvery (2019). 
